48 J. G. Thomson & D. Thomson: Spirochltes in Man, d-c. seems to be based on the assumption that these protozoa commonly occurring in apparently normal healthy individuals are in all probability harmless saprophytes. Although in our present communication we are unable to assign any real pathological importance to the spirochaetes inhabiting the alimentary tract of man, it seems to us very important that these should be carefully studied. We have to thank Dr. H. B. Fantham and Dr. Annie Porter for the great assistance we have obtained in a difficult subject from the excellent work done by them in the study of the morphology of spirochaetes. The bibliography given by Dr. Bosanquet in his book has been found to be very useful.
The help of the President, Sir Francis Champneys, the Secretary, Mr. MacAlister, and the Director, Sir Ronald Ross, in all matters connected with the Laboratory have made the work there most pleasant.
THE MATERIAL USED IN THIS RESEARCH.
The miiaterial used was obtained from various sources through the kindness of Dr. Keats, of Camberwell Infirmary. As practically every human mouth harbours spirochoetes they were easily obtained, and a large number of cases of pyorrhcea alveolaris chiefly associated with chronic rheumatoid arthritis received particular attention. The faeces of several normal individuals as well as those of thirty chronic rheumatoid arthritis patients were studied. The pus from ulcerated throats, cancrum oris, cancer of the tongue, myositis ossificans of the jaw, and the faeces of a large number of guinea-pigs, rats, dogs, and fowls were carefully studied.
THE METHOD OF EXAMINATION.
The method employed is a very simple and rapid one. A thin film is made from the suspected material on a glass slide. This is fixed by heat. A concentrated alcoholic solution of gentian violet is prepared and used as a stock solution. For staining the slide we use one or two drops of the stock solution with each cubic centimetre of ordinary tapwater. We then pour this over the film previously fixed by heat, and heat gently. In a few minutes the spirochoetes and treponemata are intensely stained and the slide is washed in tap-water and dried. This technique used in conjunction with the dark-ground illuminator enables one to study the spirochaetes rapidly both in fresh and stained speci-The Royal Society of Medicine mens. Giemsa stain was also used after wet fixation of the film. When stained with gentian violet it has been noted that often darker stained areas of the bodies of the spirochaetes are demonstrated, clearly suggesting granule formation.
NOMENCLATURE.
No subject is more confusing to the research student than the study of spirochaetes. The immensity of the literature and the incomplete descriptions given by various authors at different times add to the difficulties. It is not intended here to enter into any discussion, but it is perfectly evident that many mistakes have been made by several investigators and new species have been named before there has been sufficient evidence for doing so. Fantham (1911) says: "The spirochmte group as a whole (or various members of it) has received so many names that it seems to be a mania to rename it according to the individual fancy." Most protozoologists we feel sure agree with this statement.
The present state of our knowledge regarding spiral organisms enables us to distinguish three different genera.
(1) Spirochwta.-This protozoon has a flexible, wavy body with a corkscrew fin or flange which is called the membrane or crista. In the body there is a nucleus, consisting of a series of bars or rodlets (" granules ") which is composed of chromatin. The formation of small ovoid bodies or spores which are resistant and capable of producing new spirochates has been clearly proved. by Fantham (1907 Fantham ( , 1908 Fantham ( , 1909 Fantham ( , 1911 in his studies of the spirochetes of lamellibranchs, birds and mammals; Bosanquet (1911) also noted the formation of coccoid bodies in a preparation containing Spirochawta anodontta.
(2) Treponema.-The bodies in these protozoa are extremely thin and are thrown into waves or coils which are said to be fixed or "preformed." There is no visible membrane and no visible nucleus. Balfour (1911) , however, has recently stated that Treponemapallidum is a granule-shedder.
(3) Spirillum.-These are bacteria with a more or less flexible body. Flagella are present terminally and sometimes at the side. There is no membrane.
It would seem probable that the differences between Spirochwtaw and Treponemata may be merely a question of size, and that this explains the visibility of the membrane and nucleus in the Treponemata. That 50 J. G. Thomson & D. Thomson: Spirocdlmtes in Man, dec. there is a nucleus of a diffuse character in the Trepozerna seems certain, and the fact that Balfour has described granule-shedding in Treponema pallidumn suggests that this organism may be really a member of the genus Spirochata. We are aware that Zuelzer (1911) claims to have re-studied the type species, Spirochwta plicatilis Ehrenberg, and states that there is an axial rod therein. However, until further work on the subject has been done, we use the name " spirocha3tes " as above without prejudice. (Fantham, 1911.) Spirillum as a name has been applied to many of the smaller spirocha3tes, but it is now recognized that this term should be applied only to bacteria with flexible bodies and flagella.
There are three named species of spirochetes, which in many respects are very similar in appearance when examined under the darkground illuminator or in stained films; these are Spirochwta buccalis (Cohn, 1877) , Spirochwta refringens (Schaudinn and Hoffmann, 190.5) , and Spirochweta balanitidis (von Prowazek and Hoffmann, 1906) . The resemblance of Spirochaeta vincenti (Blanchard, 1906) to Spirochata buccalis is also said to be very close, and some observers think they are identical. Noguchi (1912) has pointed out that it is quite impossible to distinguish Spirochtwta buccalis from Spirochwta refringens by morphological appearances, and again Rille (1905) and Kraus (1906) believed that Spirochlta refringens is the same as Spirochata balanitidis.
Other observers, Eitner (1907) and Richards and Hunt (1906) , declare that at least four distinct varieties have been described indiscriminately as Spirochata refringens. It is quite evident, therefore, that in this.
subject there is hopeless confusion. However, in order to escape this confusion, it is satisfactory enough for the time being to regard types like Spirochwta refrizgens and Spirochwta balanitidis, which are found in the mouth, as belonging to the species Spirochwta buccalis. This latter is a fairly broad spirochaete -1 ut to 1 , in breadth, which has tapering points and long shallow undulations. In length it varies from 12 ,u to 20 a,u and under the dark-ground illuminator it seems to be flat or ribbon-shaped. It is an active spirochaete and has a corkscrew motion from left to right. Again, in many specimens stained by us we were able to see clearly a series of dark and light staining areas along the bodies suggesting granule formation (figs. (Noguchi, 1912) . These three new species were probably all included under the old name, Spirochata dentium (Koch, 1877) . Castellani (1906 and has described a, form of h8emorrhagic bronchitis, occurring in tropical countries, and in association with this disease he has described four varieties of spirochates-namely: (a) Very thick individuals 18 u to 39 u in length with irregular coils which vary in length but are not very numerous.
(b) Individuals resembling Spirochata refringens (Schaudinn) and possessing a few graceful curves and pointed extremities. (c) Thin, delicate spirochoetes with numerous uniform coils and tapering ends. Sometimes one of the extremities is blunted. This is perhaps the commonest type. (d) Extremely thin, delicate organisms with very few irregularly shaped coils. Whether these are new species or not it is difficult to state, as it seems that they are very like in some respects certain of the types found in the mouth in other conditions. Castellani has described as a new species Spirochata subtilis, an organism which he found in the scrapings of the oral mucosa and the intestines.
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EXPLANATION OF PHOTOMICROGRAPHS (PLATE I).
All the slides were stained with an alcoholic solution of gentian violet.
Magnification is the same in all the photographs, and is 1,300 diameters. -Photomicrograph from a slide prepared from a specimen of human fa,ces which had been kept for several months in a bottle with water. Two varieties of spirochtete will be noted, a short thick form, very similar in character to that shown in fig. 4 , and another type, very thin and with very fine coils, one end of which is attached to a round piece of debris. We have pointed out that, owing to the great variation in size and appearance of spirochetes belonging to a certain type, it is quite impossible by morphological characters alone to separate out' new species, and as an example of this difficulty we have quoted the confusion that has arisen regarding Spirochwta buccalis, Spirochweta refringens and Spirochata balanitidis. All these more or less resemble each other in being rather broad, ribbon-shaped organisms with tapering ends, wide coils and spiral movements, but they'vary much in size and in the number of undulations. However, it is easy to separate out spirochaBtes in the mouth belonging to this general type, and we shall call these Spirochata buccalis-(figs. 1 to 7 and 14 to 17, Plate II). It is interesting to note that some of' these when stained with an alcoholic solution of 'gentian violet in water showed a series of darker-stained areas in their bodies, strongly suggesting the formation of granules or coccoid bodies. We have not seen any previous mention of this in the literature on the subject (figs. 1 to 3, Plate II). Blanchard (1906) fixed the spirochate found by Vincent (1898-99) as a new species, but unfortunately, as far as we can make out, he neglected to describe it. In our investigations, by careful examination of smears taken from ulcerations of the throat, cancrum oris, pyorrhwa alveolaris, &c.,' we have come to the conclusion that various types of spirochaetes are associated with these conditions, and that they are all more or less associated with fusiform bacilli. Two varieties of large spirochaetes are chiefly found-namely, a type corresponding to Spiroch.Tta buccalis, and another distinct type which we may call the much discussed Spirochwta vincenti (figs. 13, 18 to 20, and 8 to 12, Plate II); also photomicrograph, fig. 2 , Plate I). This type is quite definite. It is a long, thin spirochmete with wide, irregular coils, tapering at both ends, and in stained specimens it is noted that the' coils are extremely irregular in size and shape and the bodies tend to curve round into different shapes owing to the extreme flexibility. Under the darkground illuminator it is to be noted that this type has a very flexible body, and the coils are not fixed. It is not band-shaped, but seems circular, and the movement is corkscrew in character (figs. 8 to 12, Plate II). These were derived from a case of Vincent's angina and were associated with fusiform bacilli. The photomicrograph ( fig. 2 , Plate I) shows similar spirochsetes associated with fusiform' bacilli from a case of pyorrhoea alveolaris. The same type, Spirochwta vincenti, was foundin a case of cancrum oris ( fig. 13 , Plate II) and in a case of abscess of the jaw complicating myositis ossificans (figs. 23 and 24, Plate II). Veszpremi (1907) described a spirochaete in an abscess of the jaw and he named it Spirochata gracilis, but Bosanquet (1911) thinks this is identical with Spirocha?ta vincenti. Our drawings and observations would tend to prove this, but we must always guard against being definite about it, as Veszpremi nmay have been observing quite a different spirochaete. With respect to the confusion that has arisen by some observers considering Spirochlta buccalis as being the same as Spirocheta vincenti, we think this has probably arisen from their actually finding the type Spirochata buccalis in Vincent's angina. The photomicrograph ( fig. 8 , Plate I) illustrates this very clearly. In this photograph from an ulcer of the fauces it will be noted there are numerous extremely large, thick, band-shaped organisms associated with fusiform bacilli (figs. 14 to 17, Plate II). From our studies, therefore, it seems quite clear that in ulcerations of the throat and severe pyorrhoeas two types of spirochaete may occur separately or together-namely, Spirochwta buccalis (which may turn out to be composed of different species) and another type which we consider is kSpirochawta vincenti.
The fact that both these occur in certain definite pathological lesions seems to us clearly to explain the confusion that has arisen amongst different observers.
In specimens taken from the human mouth treponemata are common, and these greatly vary in size (figs. 25 to 27, Plate II). They have fixed coils and a rapid spiral movement. As pointed out by Noguchi, the only method of differentiating these is by cultivation.
Castellani (1906 and 1909) described a form of haemorrhagic bronchitis occurring in the tropics and he found that this was associated with numerous spirochktes of different types. Branch (1907) in the West Indies and Jackson (1908) in the Philippine Islands also have described spirocbketes associated with bronchitis. Recently Taylor (1914) has found spirochwtes associated with bronchitis in Uganda; Chalmers, O'Farrell and Fantham (1913) have found them in bronchitic patients in the Sudan. Evidence is thus accumulating that these spirochaetes are pathogenic in the tropics and give rise to severe bronchial symptoms. Werner (1909) described two species of spirochbetes which he found in his own faeces at a . time during which he was apparently in normal health. He named these respectively Spirochwta eurygyrata and Spirochaeta stenogyrata. This investigator thought that these might be fairly common in others. Spirochata eurygyrata measured 46 ,' to 7.3 , in length, with usually two curves, and the body was very flexible (figs. 73 to 74, Plate II). Spirochata stenogyrata measured 3 5 , to 61 Ft long, with two to six curves, and was less flexible. Werner found both these in a case of sprue. Le Dantec (1903) described the occurrence of spirocha3tes in a case of dysentery which he named "dysenterie spirillaire" to distinguish it from an amoebic dysentery. He describes three forms: (a) An undulating form with three curves and 6 Ft to 14 F in length; (b) a form curled round and forming a circle; (c) a form rolled up like a spiral. In the stools he found these in great numbers in the mucus. It will be noted that the spirochete is much larger than that described by Werner. Kowalski (1894) described a spirochsete in the stools of cholera patients, and he named it Spirochawta hachaizw. This spirochaete had two or three curls and pointed ends, and is perhaps identical with the Spirochweta stenogyrata described by Werner. Castellani has described a spirochaete which he found in the intestines as Spirochawta subtilis.
SPIROCGHETES FOUND BY THE AUTHORS IN HUMAN FAECES.
Numerous examinations of the faeces of both normal and diseased human beings show that both the species described by Werner occur in the fieces of a certain proportion of individuals. In two apparently normal.lindividuals examined by us spirochetes of both types occurred in very large numbers in the stools. The photomicrographs figs. 4 and 5 illustrate these two species. Fig. 4 is Spirochwta eurygyrata and fig. 5 is Spirochawta stenogyrata; Figs. 36 to 38, Plate II, also illustrate these. These spirochetes persisted in large numbers for several days and then finally disappeared. The feces in an obscure case of profound anaemia contained very numerous spirochaetes of the type Spirochata stenogyrata. In the feces of about 50 per cent. of cases of chronic rheumatoid arthritis which we examined, spirochastes were found which corresponded to the type Spirochata eurygyrata (figs. 36 to 38, Plate II). These were never very numerous in the specimens examined.
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In a case of amoebic dysentery we found a much larger spirochaete with irregular coils, which varied in length from 8 , to 20 , and which seems to correspond to a certain extent to the type described by Le Dantec (figs. 45 and 46) . This is a large spirochate with ends rather blunted, and large irregular curves showing great flexibility of the body. This certainly is quite a different species to those described by Werner.
A NEW VARIETY OF TREPONEMA FOUND IN AN OLD SPECIMEN OF HUMAN F.YCES.
A specimen of human faeces from an unknown source, after being kept in a bottle with some tap-water for several months, was found to contain active living specimens of two different kinds of spiral organisms.
One form was a short, thick spirochbte with pointed extremities and two or three regular curves ( fig. 1, Plate 1, and fig. 44 , Plate II). This spirochaete when compared with those described by Werner seems to be somewhat different, the coils tending to be deeper and slightly narrower as well as nmore regular.
The treponema was a very long and very fine spiral organism with extremely minute coils, so minute that we have failed to obtain a satisfactory photograph. This organism measured in length 10 ,, 15 u and '20 ,t or more, and there were twenty or more minute regular waves well seen in deeply stained specimens. These were drawn by the aid of the camera lucida, and several drawings are given (figs. 39 to 43, Plate II). It will be noted that in many cases the appearance of the organism in stained specimens was a straight line ( fig. 42 , Plate II), and it often happened that one end was attached to a round body. Under the dark-ground illuminator the motion of these was extremely rapid and was corkscrew-like in character. The minute coils were fixed. This seems to be quite a new variety of treponema which, so far, we have not seen described. It is one of the finest spiral organisms we have seen, and is certainly too thin to measure with accuracy. What the source of this protozoon was we are unfortunately unable to state. We have been unable to find them in stagnant water, and so far we have not again found thenm in other old specimens of human faeces kept in similar conditions. We regret we do not know why the faeces were kept or who the patient was. Specimens of faces are being kept under similar conditions, but we shall be unable to state definitely whether these can again be found until several months have elapsed. It is curious that these spirochaetes continued to live and multiply for weeks in the original bottle, but we were quite unable to get them to live in any other medium. That this is a new species of treponema we feel quite sure, but at present it seems unwise to name it.
SPIROCHAETES FOUND BY VARIOUS OBSERVERS IN THE F.ECES
OF LOWER ANIMALS.
Here a very wide field of research is open, and we must apologize for giving our attention to only a few animals commonly kept in the laboratory. We give so far as we are able a list of spirochaetes found at different times in the intestines of animals.
Spirochsetes in the gastric ulcers of a fox (Sambon). Spirochates in alimentary tract of cats, rats and dogs (Bizzozero and Salomon, 1896) .
Spirilla in the intestines of pigs (Smith, 1894). Spirochaetes in the intestines of dogs and monkeys infected with trypanosomes (Balfour) .
Spirochbtes in the intestines of normal mice (Wenyon). Spirochaetes in the intestines of birds (Kent). Spirochwta lovati, ceecum of a grouse (Fantham) . Spirochwta bufonis, intestine of a frog (Dobell). Spirochaeta of lamellibranchs-e.g., Spirochata balbianii, Spirochwta anodonta, Spirochwta solenis (Fantham) , and Spirochwta mytili (Porter) . Spirochaetes in the alimentary tract of insects-e.g., Spirochata glossina, stoilach of tsetse-flies (Novy and Knapp, 1906) ; Spirochwta ctlicis, in the gut and Malpighian tubules of Culex pipiens, and the larvae of Anopheles maculipennis (Jaff6, 1907); Spirocheta minei, in the stomach of soldier and worker ants (Prowazek, 1910) .
It is evident from this list that spirocha4es occur in the intestines of most animals.
SPIROCHAETE FOUND BY THE AUTHORS IN THE F.ECES OF

GUINEA-PIGS.
While one of us was engaged in a research on Trypanosoma rhodesienise in the blood of guinea-pigs a blood-film stained by Giemsa's method was found to be filled with spirochaetes. Several films were immediately prepared from the same animal and no spirochaetes could be found. That the first film was simply a contamination was, there-The Royal Society of Medicine fore, perfectly obvious, and a search was accordingly made to find what was the source of these spirochaetes. This accidental contamination of a blood-film with spirochaetes shows the importance of being careful, as it might easily have been concluded that this was a new species of spirochate infesting the blood of a guinea-pig. In this case the spirochate was evidently from the mouth or intestines of a guinea-pig, as we have found them occurring in these animals.
Two varieties of spirochketes were found in the faeces of guinea-pigs. As no account of a spirochaete in the freces of these animals has been given a full description of these seems necessary. The first variety is a small spirochsete with well-formed, regular, fixed coils and pointed at both ends. It measured from 3'75 ,u to 7 ,u as a maximumn, but is usually about 5'5 a in length and the waves are about three in number. When stained with gentian violet a series of little dark-staining granules may be seen suggesting a diffuse nucleus or the formation of granules (figs. 47 and 49, Plate II}. These are not always seen, but in a great many slides they were beautifully demonstrated, as many as six darkstained bodies being present. Under the dark-ground illuminator the motion of these is like a corkscrew, the rotation being from left to right. This is the commonest species of spirochaete found in the faeces of a guinea-pig. It occurred in a large percentage of normal guineapigs, usually in small numbers, but in the caecum of several guinea-pigs which died of tuberculosis and trypanosomiasis it was found in very large numbers, so that it seemed that in conditions in which the health of the animnal was affected and the vitality lowered this spirochmete was able to flourish in greater abundance.
The other variety of spirochaete found in the fieces of a guifiea-pig was only found on one occasion in an animal which suffered from diarrhoea. This was a larger spirochaete, measuring from 10 ,u to 14 ,u in length, with large, irregular coils usually about two in number. The ends tapered to a point. In this case the coils were not fixed, and motion was more snake-like, but the movement also was spiral in character. Here again when successfully stained with gentian violet a series of dark-stained areas were distinctly seen lying close to one another, as many as twenty of these being counted in one spirochaete (figs. 51 to 52, Plate II). 62 J. G. Thomsonl & D. Thomson: Spirochetes in Man, dc.
SPIROCHAETES IN THE FAECES OF WILD RATS.
Salomon found spirilla in the intestines of dogs, cats and rats, and described three different varieties. The form found by us does not seem to correspond to any of those described by that observer, but of course several other varieties must exist in all probability in rats. The form found by us in the faeces of several wild rats caught in the Liverpool docks varied from 7 p to 10 l in length. The body was thin and tapered to a point at each end. The waves were flattened and irregular, and not fixed. In this case we did not see any differentiation in the staining of the body and no dark granules were seen (figs. 56 and 57, Plate II). In examining the faeces of animals it is necessary to be careful not to mistake flagella of Trichomonas intestinalis for spirochtetes.
SPIROCH2ETES IN THE FYECES OF A DOG.
In the feces of a terrier infected with Piroplasma canis a short, thick spirochate with tapering ends was found. They had only one or two curls, flat in character, and measured in length from 4,' to 9F'.
They were actively motile with flexible bodies and exhibited spiral movements (figs. 53 to 55, Plate II). The organisms described by Bizzozero in the dog were 3 ,u to 8 ,u long and had three to seven waves.
SPIROCOHETES IN THE FAECES OF A HEN (PLYMOUTH ROCK).
This is a thick spirochaete with tapering ends and flat curves, usually about two in number. They vary in length from 5,u to 10,. The curves are wide and flat and vary from two to four in number. Under the dark-ground illuminator these are seen to move actively with a spiral motion. Kent described spirochetes in the intestines of birds, and it is probable that they are common in the alimentary tract of most fowls (figs. 58 to 61, Plate II). It will be noted that in these the body is flexible and that the spirochabte may become twisted on itself. The photomicrograph ( fig. 9 , Plate I) illustrates this type of spirochaete very well. THE CULTIVATION OF SPIROCHA&TES OF THE MOUTH. After the splendid and laborious work of Noguchi (1912) in the cultivation of spirochaetes we feel inclined to apologize for having obtained very indifferent results in our experiments. In no case were we able to grow a pure culture, and the types of spirochaetes which seemed to grow most easily by the methods we adopted were the Treponema microdentium and probably Treponenta muecosum.
Method.
About 1 in. of pure sterile human ascitic fluid is put into a small test-tube. This is inoculated with a loopful of material from a case of pyorrhcea alveolaris. The tube is closed with a sterile cotton-wool plug and the top rendered air-tight by means of a thin coating of ordinary sealing wax. This is incubated at 370 C., and in about seven to ten days it will, be noticed that there is a white deposit in the bottom of the test-tube. In this culture it is found that the spirochaetes have multiplied to a great extent in the fluid and that they are growing in symbiosis with numerous other organisms. Examination under the dark-ground illuminator shows, if the culture is successful, numerous active small trepohemata. Noguchi has cultivated these in fluid media and afterwards isolated them in pure cultures in solid media by using anaerobic precautions. No strict anaerobiosis was used by us, but since the tube is sealed, and various cocci and bacteria are growing in the tube, it is to be assumed that in a very short time all the available oxygen is used up and so the treponemata find favourable anaerobic conditions. We give a photomicrograph taken from a subculture and this shows the clumps of small treponemata. We have managed many times by this method to obtain impure cultures of treponema, and we have thought it probable that by this method a very good mixed vaccine might be obtained which might be useful in cases of pyorrhcea alveolaris. The bacteriology of pyorrhcea is very imperfectly known and hence the real cause is unknown. This failure in the bacteriology of pyorrhosa seems to be based on the fact that the cultural methods are insufficient for the isolation and growth of all the numerous varieties of organisms in the alveolar margins of the mouth. Noguchi has isolated in pure cultures from the human mouth Treponema macrodentium, Treponema microdentium and Treponema mucosum, and Ellermann (1904), Weaver and Tunnicliffe (1905), Miihlens (1906) , have obtained the spirochaetes of Vincent's angina and the fusiform bacilli in pure cultures; but so far the real pathological cause of pyorrhoea alveolaris is unknown,and it is still considered by many that it is really a result of the condition known as the uric acid diathesis. By the cultural methods so well begun by Noguchi it will be possible in the future to study the toxins and their effects, and so the real explanation of many obscure pathological conditions may be explained. SOME REMARKS ON THE PATHOLOGICAL SIGNIFICANCE OF SPIROCHA,TAE AND TREPONEMATA.
Spirochoetes, according to Fantham, give a good example of the gradual adaptation to parasitism. In the early stages of their existence these organisms lived in water. From there they gradually found their way into the alimentary tract of the lower and higher animals, and finally certain varieties became so altered as to be capable of living in the tissues and blood-stream of the higher animals. Whether these parasites are of pathological importance when inhabiting the intestines and oral cavities of human beings apparently enjoying good health is doubtful, but when ulceration or abscesses form in these sites, as seen in pyorrhoea alveolaris, cancrum oris, abscesses of the jaw and Vincent's angina, they undoubtedly seem to seize the opportunity for proliferation and increase to such an enormous extent in numbers that they must produce toxins detrimental to the health of the host. Do these spirochabtes of the mouth and intestine remain in the superficial sites made suitable for them or do they finally find their way into the deeper tissues and ultimately into the blood-stream ? That the Treponema pallidum is capable of proceeding from a superficial abrasion of the skin to the deeper tissues, and finally to every part of the human body, is well known. With their extremely thin bodies, sharp-pointed extremities, rigid, corkscrew-shaped coils and active spiral movements these are peculiarly adapted for making rapid progress in fairly dense media. It is by applying this knowledge of the active movement of these protozoa through a solid medium that Noguchi (1912) has been able to isolate Treponenma macrodentium, Treponema microdentium and Treponema mucosurn in pure cultures.
.There is some cause for anxiety, therefore, when it is considered that perhaps a very narrow line of defence keeps the apparently harmless treponema of the human mouth and intestines from proceeding into the general system. Moritz found spirochetes from 2 ,u to 6 ,u in length and with from three to ten coils in the wall of the gut and also in the bone-marrow in a case of severe anaemia. Thomas and Rolleston (1910) describe a case of fatal aplastic anemia which followed an infection of the gums with the spirilla and fusiform bacilli of Vincent's angina. Proescher and White (1907) found spirochaetes in two cases of Hodgkin's disease where they occurred in large numbers in the affected glands. In these cases we are unable to exclude syphilitic infection, but at the same time it must be admitted that in some cases it may be an entirely different species of spirochete even although it is extremely similar to Treponemca pallidum in morphology. As a striking example of the marked similarity of the two different species of treponemata as viewed under the microscope we give two drawings (figs. 65 and 66, Plate II) to illustrate the resemblance of Treponemca mticrodentium in a culture to Treponerna pallidum as it occurred in a case of congenital specific liver.
Baermann found Spirochata refringens in the enlarged glands of a monkey infected with syphilis, and this demonstrates the possibility of this organism becoming a blood spirochawte. Scherber states that Spirochita bdltnitidis can make its way into the blood-stream. If medical men in this country would begin a systematic examination of the mouths of their patients, we have not the slightest doubt that, like ourselves, they would be astonished to find millions of spirochaetes in small scrapings from the alveolar margin. These in many cases are too numerous, even if they are considered only saprophytes, to be associated with good health. They must be elaborating toxins of a peculiar character and they must also assist in the general destruction of the tissues in the alveolar margin. Pathologists never seriously consider that in pyorrhcea it may be the spirochetes which are the chief cause of this widespread disease. Noguchi (1912) has recently shown that cultures of Treponema microdentium and Treponema mucosum cause inflammation and induration when injected into the tissues of animals, and if organisms now gained access to this devitalized tissue an extremely chronic condition such as pyorrhoea is set up in which millions of spirochetes live and flourish in symbiosis with numerous cocci and bacilli. The vaccine treatment of pyorrhcea alveolaris is in most cases unsatisfactory and we venture to suggest that a mixed vaccine of bacteria and spirochawtes might yield better results.
The spirochete associated with Vincent's angina seems now almost definitely to be of pathological importance. n--5 66 J. G. Thomson HUMAN FAxCES. It has been shown in this paper that spirochsetes occur in the feeces of apparently normal human beings in this country, and this is of great interest as they have been noted in large numbers in the ftces of a case of dysentery by Le Dantec, and in the stools of cholera patients by Kowalski. We found spirochaetes not only in a certain number of healthy human beings but also in 50 per cent. of cases affected with chronic rheumnatoid arthritis. We also found them in large numbers in the fteces of a case of severe anammia. Again, it is impossible to state that these are of pathogenic importance, but we have noted that undoubtedly they increase in numbers in certain conditions where the vitality of an animal has been lowered by some intercurrent disease such as trypanosomiasis, severe tuberculosis, or diarrhoea. Balfour noted them in the intestines of animals infected with trypanosomiasis in the Sudan, and Sambon found them in the gastric ulcers of a fox. It must be kept in mind that they occur in apparently normal human beings in more or less perfect health, but again we do not think these ought to be considered as of no pathological importance. It is known that cancer of the mouth is often closely associated with syphilis, and the possibility of spirochaetes in the intestine aiding in any way the beginning of that common disease, the carcinoma of the rectum, ought not to be lost sight of. It is interesting to note that in two strong and healthy men, who were feeling just a little out of sorts, very numerous spirochates of both the varieties described by Werner were found. These were so numerous as to cause the patients to feel a little alarmed, but after the administration of calomel they disappeared in a few days. Metchnikoff suggested years ago that life might be prolonged by proper disinfection of the alimentary tract and proper regulation of the action of the bowels, but little seems to be known as to the exact organism which is most harmful in the production of toxemia. The work of Sir Arbuthnot Lane in removing by operation portions of the gut and the wonderful effect produced by this procedure in certain joint troubles shows the great importance of a thorough pathological research in this matter.
For years medical men have sought the cause of rheumatoid arthritis, pernicious anamia, lymphadenoma, and other diseases associated with bad teeth and intestinal trouble without much success, and we venture to suggest that more attention be devoted to the study of the common spirochaete.
SUMMARY.
(1) Several types of spirochaete are associated with-Pyorrhwa alveolaris, but those which predominate seem to belong to the types Spirochata buccalis and Spirochata vincenti. Vincent's angina is always associated with fusiform bacilli, and severe pyorrhoea may also be associated with these bacilli.
(2) Spirochawta bu'ccalis in many respects resembles Spirochata refringens and Spirochata balanitidis in morphological characters.
Spirochata buccalis and Spirocha3ta vincenti have been so confused and so imperfectly described that it is quite impossible to determine, from the descriptions of various observers, whether we are dealing with two different species or the same species. From our own observations, however, we recognize two types, one of which we have described as Spirochwta buccalis and the other as Spirochaeta vincenti. Both these may be found associated with Vincent's angina, and also with pyorrhcea.
(3) The type of spirochoete in the mouth described by us as Spirochata buccalis was seen in some specimens to have a series of dark-stained areas suggesting the formation of granules or coccoid bodies. The fixation was by heat and the stain used was gentian violet, so we cannot exclude possible shrinkage of the protoplasm by this method giving rise to such an appearance. We also used wet fixation.
(4) The type of spirochsete described by us as Spirochata vincenti is common in pyorrhoea alveolaris, Vincent's angina, and other suppurative lesions of the mouth. It is a thinner spirochaete than Spirochmta buccalis; it is not ribbon-shaped when viewed under dark-ground illumination, and the body is extremely flexible, the coils not being fixed; they show in stained specimens long thin spirochaetes with irregular waves (fig. 2 , Plate I). This, in our opinion, is quite a distinct type from Spirochata buccalis as far as we can make out from morphology alone.
(5) We are of the opinion that in the conditions known as Vincent's angina, in which spirochaetes are found associated with fusiform bacilli, various types of spirochaetes occur, and it is this which has caused so much confusion in the descriptions given by various observers of Spirocheta vincenti.
(6) The two species of spirochtete found by Werner in the freces JY-5a of an apparently normal human being have been found by us in the fmces of healthy men in this country. In two cases these occurred in very large numbers.
(7) Spirocheates corresponding to the species Spirochwta eurygyrata were found in the faeces of 50 per cent. of chronic rheumatoid arthritis cases examined, but always in small numbers, and were sometimes difficult to find.
(8) Spirochaetes in very large numbers corresponding to the species Spirochwta stenogyrata were found by us in the stools of an obscure case of profound anaemia.
(9) A treponema, probably a new species, has been found in a specimen of human fooces kept in a bottle with some water for several months. This is a much finer organism than we have seen previously described. It may measure 20 u in length or more, and has fifteen to twenty or more minute fixed coils. Another spirochaete was found in the same specimen which was short and thick.
(10) An undescribed spirochaete has been found in the faeces of healthy and diseased guinea-pigs. This is a short organism with pointed ends, measuring in length from 3'75 ,u to about 7 , as a maximum. The waves are about three in number. When stained with gentian violet a series of dark areas are seen on the body. Another species was also found on one occasion in the faeces of a guinea-pig with diarrhcea (see figs. 47 to 52, Plate II).
(11) Spirochaetes found by the authors in rats, dogs and fowls have also been described and figured.
(12) It is strongly suggested that more attention be paid by pathologists to the common spirocha3tes of the mouth, and also the intestines, which are usually considered harmless saprophytes, for there is a considerable amount of evidence that possibly these harmless parasites may proceed under certain conditions to the deeper tissues and even into the blood-stream, and so cause profound and obscure illnesses.
